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The determination of \Vcb\ from semileptonic inclusive decay rates 
Ulrich Nierste*"* 

'"Physik-Department T31, Technische Universitat Miinchen, 85747 Garching, Germany 

We report on the determination of |Vc6| from the comparison of the semileptonic inclusive decay rates of B- 
and D-mesons using the heavy quark symmetry of QCD. While the renormalization scale ambiguity does not 
allow for a reliable estimate of the quark masses, it almost cancels in the prediction for \Vcb\, which reads 

|Vc6|(rB/1.49ps)i/2 ^ 0.036 ±0.005, 

where the error stems from the uncertainty in the kinetic energy of the heavy quark inside the meson, in the 
experimental branching ratios, in QCD input parameters, and from scale uncertainties. 



1. Introduction 

The following talk is based on research done in 
collaboration with Patricia Ball [Q . 

In the recent years the study of HQET, the ef- 
fective theory of QCD expanded in inverse pow- 
ers of the heavy quark mass toq , has considerably 
enlarged our understanding of low-energy QCD. 
Bigi, Uraltsev and Vainshtein Q have started 
to apply HQET to inclusive processes and have 
been succeeded by many authors. Two impor- 
tant statements about inclusive decays could be 
obtained: first, in leading order they are essen- 
tially free quark decays, and second, the leading 
corrections to the free quark decay are of order 
I/uiq. These results stimulated new determina- 
tions of the quark masses rric and mt and the 
CKM matrix element \Vcb\ from the experimen- 
tal measurements of the semileptonic branching 
ratios B{D Xev) and B{B X^ev) ||-|. 
Now the determination of \Vcb\ from exclusive de- 
cay rates requires the analysis of the few experi- 
mental data points near the endpoint of the lep- 
ton spectrum and moreover needs some model- 
dependent input on a formfactor. The inclusive 
decay rates to order l/mg, however, only involve 
two real parameters Ai and A2, of which the latter 
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is well known from the B* ~ B mass splitting. On 
the other hand they are proportional to the fifth 
powers of the poorly known quark masses, which 
are moreover renormalization-scheme dependent 
quantities. These points will be discussed in the 
following section, where the analytic expression 
for the inclusive decay rate will be introduced. 
Section 3 will in detail describe the phenomeno- 
logical analysis. 

2. The inclusive decay rate 

When physical observables are calculated with 
the help of HQET, at first some QCD Green func- 
tion is matched to its counterpart in HQET. In 
the case of the semileptonic inclusive decay rate 
this is the self energy E of the decaying heavy 
quark with a lepton pair and a quark in the in- 
termediate state: 
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whose imaginary part is related to the desired rate 
via the optical theorem. In (|^) Ci and C2 are Wil- 
son coefficients and the HQET matrix elements 
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read in terms of the heavy quark field h: 



In the following sec- 
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where 7W is the heavy meson with mass Mq. 
Heavy quark symmetry dictates that the A^'s are 
the same for 7W = i? and A4 = D. The match- 
ing scale HQ in must be of order mg, where 
both perturbative QCD and HQET are valid. As 
indicated in the expansion parameter in the 
HQET matrix elements is the QCD pole mass. 
The Wilson coefficients Ci,C2 oc TOq, however, 
contain the mass parameter of the renormaliza- 
tion scheme chosen to calculate the QCD Green 
function on the left hand side of (0). In view 
of the fact that the Wilson coefficients contain 
the short distance physics from scales larger than 
HQ , while the interaction from lower scales is con- 
tained in the matrix elements, we have used a 
short distance mass rriQ^ evaluated at the match- 
ing scale fiQ in the C^'s. Clearly, the fifth power 
of niQ causes a sizeable dependence of the decay 
rate on the renormalization scheme used to de- 
fine mn- Recently Beneke and Braun and Bigi 
et al. 1^ have found that the perturbation series 
defining the pole mass rripoie suffers from an ex- 
tra IR-renormalon imposing an ambiguity of or- 
der Aqcd onto mpoie- When the inclusive decay 
rate is expressed in terms of Wpoie, the pertur- 
bation series multiplying m^^^^ exhibits the same 
renormalon ambiguity, which, however, vanishes, 
when the rate is expressed in terms of some short 
distance mass 0. 

Taking the absorptive part of (m results in 
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pendent quantities, 
tion we exploit (||) 

(i3,mfS(A*b),V;fc,m^S(^)/^MS(^)) and 

- iD,mf^Hc),V,s,mf^Hc)/m^^{Hc)). The 
matching scales /i^ w and ~ ttIc will be 
varied to judge the renormalization scale depen- 
dence. The analytic expressions for g{x) and the 
phase space factors Ji{x) can be found in 

3. The determination of \Vcb\ 

The input of our phenomenological analysis is 
similar to 1^-^. It consists of four steps: 

Step 1: Extract m^'^{m.c) from the experi- 
mental result for T{D Xei>) as given in (||) as 
a function of /ic, Ai, ms(lGeV) and Aj^. 

Step 2: Get TO^^(mf,) from m^^(mc) via the 
heavy quark symmetry, which relates pole masses: 
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where Sg^-* is the one-loop QCD quark self energy. 

Step 3: Insert m^^(mb) into (^), but now for 
V{B ^ X^eD), to find |Vcb|. 

Step 4: Vary the two matching scales 
and jib to estimate the renormalization scale 
dependence and also the physical paramaters 
Al, m^^(lGeV) ... to judge the total error of the 
theoretical prediction. 

The one-loop expression for the decay rate (§) 
exhibits a large scale dependence, especially for 
the D-decay. This fact obscurs the determination 
of the quark masses as displayed in fig. 1., for 
which we find 



(mc) = (1.35 ± 0.20) GeV, 
{rub) = (4.6 ± 0.3) GeV. 



(4) 



Here R marks the renormalization scheme de- 



This shows that one has to calculate higher or- 
ders in (||) in order to reduce the scale depen- 
dence, if one wants to extract quark masses from 
the inclusive decay rates. In the determination of 
\Vcb\ the scale dependence, however, reduces dras- 
tically as displayed in fig. 2. Here we have taken 
Hc/'mc = Hb/iTT-b, because by varying the scale we 



3 



.04 



. 04 



. 038 r 



■g 0.036 r 



0.038 r- 
-_ -g . 036 r 
~ . 034 r 




Figure 2. Left : 
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Ai for HQ = raq. Right: | Vc6|(Tfl/1.49 ps)^''^ vs. iiQ/mq for Ai = 0. 



Solid line: B{D Xev) = 0.172, m,(l GeV) = 0.2 GeV and = 300 MeV and B{B X^ev) = 0.107. The 
dashed lines correspond to the the experimental error in B[B — » XcCv): B — 0.102 (short), B = 0.112 (long). 
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Figure 1. mdmc) vs. the renormalization scale 
^.c for the branching ratio B{D Xev) = 0.172, 
m,(l GeV) = 0.2 GeV, = 300 MeV. Solid, long-, 
short-dashed line: Ai = OGeV^ -0.35, -0.7GeV^ 



want to estimate the importance of the yet un- 
calculated higher order terms in the perturbation 
series in (^) , as the scale dependence vanishes or- 
der by order in perturbation theory. These uncal- 
culated terms are of course the same function of 
jiQ/mQ for V[B — + XcCD) and for T[D — > Xei>) 
apart from the small effect that one has five ac- 
tive flavours in the former rate and four in the 
latter. Suppose the 0(a^)-corrections enhance F 
in (^: Then both the error and the central value 
for TOc and rub in (^) obtained in step 1 and 2 will 
be lower, but in step 3 this lower value for will 
multiply a larger radiative correction to F in (||), 
thereby stabilizing the prediction for |V"cb|. 

Finally the largest uncertainty in |V"cb| origi- 
nates from Ai as shown in fig. 2. We have varied 



Ai between -0.7 GeV^ § and g and find: 

1/2 



cb\ 



TB 



= 0.036 ± 0.005. 



1.49 ps. 

This has to be compared with 

1/2 
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cb\ 



1.49 ps 

TB 

1.49 ps 



1/2 



= (0.046 ±0.008) [3], 



0.042 [|. 



We remark that in Q the renormalization scale 
has been varied down to /ic ~ 0.5GeV, which is 
too low to trust into perturbative QCD. Recent 
exclusive measurements (CLEO) gave ||l0| ]: 

\Vcb\ = 0.0362 ± 0.0053. 
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These pages provide you with an example of the layout and style for 100% reproduction which we wish you to 
adopt during the preparation of your paper. This is the output from the MJh;X document style you requested. 



1. FORMAT 

Text should be produced within the dimensions 
shown on these pages: each column 7.5 cm wide 
with 1 cm middle margin, total width of 16 cm 
and a maximum length of 20.2 cm on first pages 
and 21 cm on second and following pages. The 
I^T[t;X document style uses the maximal stipu- 
lated length apart from the following two excep- 
tions (i) does not begin a new section di- 
rectly at the bottom of a page, but transfers the 
heading to the top of the next page; (ii) I^T[t;X 
never (well, hardly ever) exceeds the length of the 
text area in order to complete a section of text or 
a paragraph. 

1.1. Spacing 

We normally recommend the use of 1.0 (sin- 
gle) line spacing. However, when typing com- 
plicated mathematical text I^Tf^X automatically 
increases the space between text lines in order 
to prevent sub- and superscript fonts overlapping 
one another and making your printed matter il- 
legible. 

1.2. Fonts 

These instructions have been produced using 
a 10 point Computer Modern Roman. Other 
recommended fonts are 10 point Times Roman, 
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New Century Schoolbook, Bookman Light and 
Palatino. 



2. PRINTOUT 

The most suitable printer is a laser printer. A 
dot matrix printer should only be used if it pos- 
sesses an 18 or 24 pin printhead ("letter-quality"). 

The printout submitted should be an original; 
a photocopy is not acceptable. Please make use 
of good quality plain white A4 (or US Letter) 
paper size. The dimensions shown here should be 
strictly adhered to: do not make changes to these 
dimensions, which are determined by the docu- 
ment style. The document style leaves at least 
3 cm at the top of the page before the head, which 
contains the page number. 

Printers sometimes produce text which con- 
tains light and dark streaks, or has considerable 
lighting variation either between left-hand and 
right-hand margins or between text heads and 
bottoms. To achieve optimal reproduction qual- 
ity, the contrast of text lettering must be uniform, 
sharp and dark over the whole page and through- 
out the article. 

If corrections are made to the text, print com- 
pletely new replacement pages. The contrast on 
these pages should be consistent with the rest 
of the paper as should text dimensions and font 
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Table 1 



Biologically treated effluents (mg/1) 




Pilot plant 




Full scale plant 




Influent 


Effluent 


Influent 


Effluent 


Total cyanide 


6.5 


0.35 


2.0 


0.30 


Method-C cyanide 


4.1 


0.05 




0.02 


Thiocyanide 


60.0 


1.0 


50.0 


< 0.10 


Ammonia 


6.0 


0.50 




0.10 


Copper 


1.0 


0.04 


1.0 


0.05 


Suspended solids 








< 10.0 



Reprinted from: G.M. Ritcey, Tailings Management, Elsevier, Amsterdam, 
1989, p. 635. 



3. TABLES AND ILLUSTRATIONS 

Tables should be made with M^^X; illustra- 
tions should be originals or sharp prints. They 
should be arranged throughout the text and 
preferably be included on the same page as they 
are first discussed. They should have a self- 
contained caption and be positioned in flush- 
left alignment with the text margin within the 
column. If they do not fit into one column 
they may be placed across both columns (us- 
ing \begin{table*} or \begin{f igure*} so that 
they appear at the top of a page). 

3.1. Tables 

Tables should be presented in the form shown 
in Table |l|. Their layout should be consistent 
throughout. 

Horizontal lines should be placed above and be- 
low table headings, above the subheadings and at 
the end of the table above any notes. Vertical 
lines should be avoided. 

If a table is too long to fit onto one page, 
the table number and headings should be re- 
peated above the continuation of the table. For 
this you have to reset the table counter with 
\addtocounter{table}{-l}. Alternatively, the 
table can be turned by 90° ('landscape mode') 
and spread over two consecutive pages (first 
an even-numbered, then an odd-numbered one) 
created by means of \begin-[table} [h] without 
a caption. To do this, you prepare the table as 
a separate I^TjrjX document and attach the tables 
to the empty pages with a few spots of suitable 
glue. 



3.2. Line drawings 

Line drawings should be drawn in India ink 
on tracing paper with the aid of a stencil or 
should be glossy prints of the same; computer pre- 
pared drawings are also acceptable. They should 
be attached to your manuscript page, correctly 
aligned, using suitable glue and not transparent 
tape. When placing a figure at the top of a page, 
the top of the figure should be at the same level 
as the bottom of the first text line. 

All notations and lettering should be no less 
than 2 mm high. The use of heavy black, bold 
lettering should be avoided as this will look un- 
pleasantly dark when printed. 

3.3. Black and vi^hite photographs 

Photographs must always be sharp originals 
(not screened versions) and rich in contrast. 
They will undergo the same reduction as the text 
and should be pasted on your page in the same 
way as line drawings. 

3.4. Colour photographs 

Sharp originals (not transparencies or slides) 
should be submitted close to the size expected 
in publication. Charges for the processing and 
printing of colour will be passed on to the 
author(s) of the paper. As costs involved are per 
page, care should be taken in the selection of size 
and shape so that two or more illustrations may 
be fitted together on one page. Please contact 
the Technical Editor in the Camera-Ready Pub- 
lications Department at Elsevier for a price quo- 
tation and layout instructions before producing 
your paper in its final form. 
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Figure 1. Good sharp prints should be used and 
not (distorted) photocopies. 



in parentheses flush with the right-hand margin 
of the text and level with the last line of the equa- 
tion. For multi-line equations, use the eqnarray 
environment. For complex mathematics, use the 
AmS-WT^ package. 
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References should be collected at the end of 
your paper. Do not begin them on a new page 
unless this is absolutely necessary. They should 
be prepared according to the sequential numeric 
system making sure that all material mentioned 
is generally available to the reader. Use \cite 
to refer to the entries in the bibliography so that 
your accumulated list corresponds to the citations 
made in the text body. 

Above we have listed some references according 
to the sequential numeric system ||l|-^. 



Figure 2. Remember to keep details clear and 
large enough. 



4. EQUATIONS 

Equations should be flush-left with the text 
margin; I^T[t;X ensures that the equation is pre- 
ceded and followed by one line of white space. 
IM^^X provides the document-style option f leqn 
to get the flush- left effect. 

H^piiu) = E^^\co)S^p + {a\W^\(3) (1) 

You need not put in equation numbers, since 
this is taken care of automatically. The equation 
numbers are always consecutive and are printed 



